This paper estimates the short-and long-run effects of universities on geographic clustering of economic activity, labor market composition and local productivity and presents evidence of local spillovers from universities. I treat the designation of land-grant universities in the 1860s as a natural experiment after controlling for the confounding factors with a combination of synthetic control methods and event-study analyses. Three key results are obtained. First, the designation increased local population density by 6 percent within 10 years and 45 percent in 80 years. Second, the designation did not change the relative size of local manufacturing sector. Third, the designation enhanced local manufacturing output per worker by $2136 (1840 dollars; 57 percent) in 80 years while the short-run effects were negligible. This positive effect on the productivity in non-education sectors suggests the existence of local spillovers from universities. Over an 80-year horizon, my results indicate that the increase in manufacturing productivity reflects both the impact of direct spillovers from universities and general agglomeration economies that arise from the increase in population.
Introduction
Universities are widely believed to boost growth and productivity. It is conventional wisdom that "Silicon Valley" near San Jose and Route 128 around Boston owe their status as economic centers to their proximity to Stanford and MIT (Jaffe, 1989) . To date, a large literature has sought to study the linkage between academic investment, potential spillovers and economic agglomerations.
1 However, much of the literature focuses on spillover effects from colleges and universities on patents, innovations and business start-ups. 2 Also, the feedback effects from business activities and the common factors that affect both universities and business environment make the causal impact of colleges and universities difficult to measure. Thus, the causal effects of universities on local development remain unclear. Recently, Andersson, Quigley and Wilhelmsson (2004, 2009 ) employ Sweden's decentralization policy in higher education to investigate the impact of educational investment on productivity and innovation. Using the interaction between university endowment values and stock market shocks over time for identification, Kantor and Whalley (2014a) study the local spillovers from research universities.
While important, their results only apply to the short-term.
This paper exploits a novel identification strategy to estimate the short-and long-run effects of universities on geographic clustering of economic activity, labor market composition and local productivity and presents evidence of local spillovers from universities. 3 The 1 See Moretti (2004a) for a review of the literature on local social returns of education.
2 See, for example, Jaffe (1989) , Acs, Audretsch, and Feldman (1992) , Bania, Eberts, and Fogerty (1993) , Beeson and Montgomery (1993) , Audretsch and Feldman (1996) , Anselin, Varga, and Acs (1997) , Varga (2000) , Adams (2002) , Cohen, Nelson, and Walsh (2002) , Woodward, Figueiredo, and Guimarã es (2006) , Abramovsky, Harrison, and Simpson (2007) , Andersson, Quigley, and Wilhelmsson (2004 , 2009 ), Aghion, Boustan, Hoxby and Vandenbussche (2009 ) and Hausman (2011 . 3 The presence of universities can lead to two types of local spillovers: direct local spillovers from research and education activity and indirect spillovers (general agglomeration economies) from a larger population that universities bring in. Direct spillovers can happen through two possible mechanisms, direct interaction between faculty and local business establishments and training of students (attraction of skilled workers) who remain in the identification strategy is that I use the designation of land-grant universities in the United States in the 1860s as a natural experiment after controlling for the confounding factors with synthetic control methods (Abadie and Gardeazabal, 2003; Abadie, Diamond and Hainmueller, 2010, 2012;  Billmeier and Nannicini, 2013) and event-study analyses (Jacobson, LaLonde and Sullivan, 1993; McCrary, 2007; Kline, 2012) .
The Morrill Act, which facilitates my identification strategy, was signed into law in 1862.
Within several years, a land-grant university was designated in each state. 4 Large amounts of federal and state appropriations were distributed to the land-grant universities annually. The historical documents suggest the designation of land-grant universities was affected by many factors other than economic considerations. Often, the determining factors were arguably exogenous. 5 Recent research also indicates the geographical location of land-grant universities seems close to random (Moretti, 2004b; Kantor and Whalley, 2014b) . Thus, this federal program serves as a source of exogenous variation that is vital to identify the causal effects of universities on local economies.
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One remaining issue is that "the land-grant universities were usually located in rural counties because the vocation in which the majority of Americans were engaged, and with which the land-grant colleges were most strongly identified, was agriculture" (Williams, 1991) . These counties do not necessarily share the same economic attributes and trends with other counties. As a result, a comparison between the designated counties and the rest of the counties in the United area and enhance the quality of the labor pool. Distinguishing between the two mechanisms of direct spillovers is beyond the scope of this paper. 4 In 1890 and 1994, the "1890 land-grant universities" and "1994 land-grant universities" were designated. In this paper, I focus on the "1862 land-grant universities" and conduct a robust check based on the "1890 land-grant universities". 5 See Nervis (1962) , Edmond (1978) , William (1991) and Association of Public and Land-grant Universities (2012) for a history of the land-grant program. 6 Even though the land-grant colleges and universities were different from other colleges and universities in some aspects initially, they became less so over time. Thus, my results reflect the impact of colleges and universities on local economies in the long-run.
States is likely to generate biased estimates. Also, it is hard to say the land-grant university location is purely random, and alternatives should be borne in mind. Thus, I apply a matching technique, the synthetic control method, to obtain better estimates of the impact. This method constructs a synthetic control county for each designated county. A synthetic control county is a weighted average of actual control counties where the weights are chosen to ensure the "synthetic county" closely matches the treated county. The goal of a synthetic control county is to reproduce the outcome trajectory that a designated county would have experienced in the absence of the land-grant university. Once a treated county and a synthetic control county are matched on outcome behavior and economic attributes before the designation, a discrepancy in outcome variable following the designation is interpreted as the impact of the land-grant university.
This identification strategy has several advantages. First, it pays particular attention to whether there is enough variation in the treatment within a given geographical region (that is, whether treated and comparison units share a "common support"; Billmeier and Nannicini, 2013).
This means the treated and comparison counties must share a common economic environment and a sufficient number of comparison counties in the same region are required. 7 In this paper, I
require the designated and potential control counties are in the same state and share similar economic characteristics. I also require a sufficient number of control counties in the same state.
Second, it precludes the possibility of extrapolation that regression results are often based on.
7 Heckman, Ichimura, Smith, and Todd (1996) and Heckman, Ichimura, and Todd (1997) point out the failure of "common support condition" can result in a substantial bias of matching estimator. Recently, Billmeier and Nannicini (2009) show the failure of standard cross-sectional estimators to control for the existence of a common support can lead to quite far-fetched estimates.
Third, it relies on identification assumptions that are weaker than assumptions in standard panel models which account for only time-invariant unobservable confounders.
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After creating a synthetic control county for each designated county, I use an event-study analysis to obtain estimates of the average impact of land-grant universities on geographic clustering of economic activity, labor market composition and local manufacturing productivity.
The event-study specification describes the dynamics of the impact of land-grant universities and tests whether the land-grant designation followed any county-specific trends in outcome variables.
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A related line of research seeks to understand more generally the role of agglomeration spillovers in affecting regional growth and enhancing productivity. Marshall (1890) points out three channels through which agglomeration can enhance productivity: intermediate input sharing, labor market pooling and knowledge spillovers. Rosenthal and Strange (2008) find evidence of human capital spillovers and the attenuation pattern of such spillovers. 10 This paper also contributes to this literature by presenting evidence of local spillovers from universities.
Three key results are obtained. First, the land-grant designation substantially increased population density in the designated counties, relative to the synthetic control counties.
Population density grew by around 6 percent in the designated counties within a decade. The long-run effects are more profound. From the designation to 1940 (80-year impact), population density in the designated counties increased by almost 45 percent. While the short-run effect may 8 Abadie, Diamond and Hainmueller (2010) show that under fairly standard conditions, the synthetic control method provides an unbiased estimator even when the underlying model allows the effects of confounding unobserved characteristics to vary with time. See Abadie, Diamond and Hainmueller (2010) for technical details. We must also notice that the synthetic control method has its own limitations. For example, it does not allow assessing the significance of the results using standard (large-sample) inferential techniques because of the usually small sample size. 9 Severnini (2012) uses a combination of synthetic control methods and event-study designs to uncover the impact of hydroelectric dams and agglomeration spillovers from the dams. 10 See Quigley (1998), Rosenthal and Strange (2004) and Head and Mayer (2004) for a comprehensive review of this literature.
be a result of new students and newly hired faculty and staff, the long-run effect is more likely to be caused by potential spillovers from universities.
Second, the share of manufacturing workers in the population, an indicator of local labor market composition, was not affected by the land-grant designation. 11 The estimates of the impact on the share of manufacturing workers in the population are small and insignificant over all periods. Although the goal of the land-grant program was to provide accessible education to agricultural and industrial society, it did not seem to generate a detectable impact on the relative size of manufacturing sector and may not be the best way to establish an industrial city.
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Third, the land-grant designation greatly enhanced local manufacturing productivity in the long run. On average, manufacturing output per worker increased by around $2,136 (57 percent) from the late 1860s to 1940. This positive effect of university activities on the productivity in non-education sectors suggests the existence of spillovers from knowledge production centers-colleges and universities. To be sure, one caveat of the analysis is that I cannot separately estimate the direct spillovers from universities and the induced agglomeration economies that arise from the concentration of population. However, over an 80-year horizon, I
show that the increase in manufacturing productivity reflects both the impact of direct spillovers from universities and general agglomeration economies that arise from the increase in population.
Additionally, my estimates show a substantial difference between the short-and long-run effects of a large government investment in higher education, which emphasizes the importance of understanding the long-run effects of such events, as advocated by Kline (2010) . Of course, 11 The share of manufacturing workers in the population is the number of manufacturing workers divided by county population. The manufacturing share of employment is potentially a better indicator of labor market composition. However, I do not have data on total labor force. 12 This result suggests the size of local manufacturing sector was not disproportionately affected by the land-grant designation. The absolute size of local manufacturing sector can still increase as the total population actually increased.
the long-run estimates should be interpreted as the impact of the land-grant program allowing for the potentially endogenous responses of other federal and local policies that occurred in my sample period (Kline and Moretti, 2013) . 13 Various robust checks and placebo tests are also conducted, such as estimating the impact of the Second Morrill Act and including additional matching variables. All tests suggest my results are quite robust.
The rest of the paper is organized as follows. The next section provides the historical background of the Morrill Act and the land-grant designation. Section 3 lays out a simple model and the empirical methodology. Section 4 describes the data sources and variable construction.
Empirical results are presented in Section 5, including robust checks and placebo tests. Section 6 concludes.
Historical Background
In the colonial era, higher education was only available at a few privately controlled institutions, such as Harvard and Yale, in the United States. After the Revolutionary War, the country began to organize universities as publicly controlled institutions, which were not essentially different in academic orientation from the privately controlled ones at that period.
During the first half of the 19 th century, the two types of American colleges and universities, publicly and privately controlled, developed side by side.
These institutions were greatly influenced by the European universities, which primarily served the rich and offered chiefly classical and professional curricula. 14 During the same period, the importance of science gained recognition gradually. Agricultural colleges started to emerge.
13 A detailed discussion is in results section. 14 The courses of study consisted of large doses of Latin, Greek and moral philosophy, moderate doses of mathematics and religious subjects and only the wealthy could afford to send their young men to these institutions (Edmond, 1978) .
However, higher education was still unavailable to the majority of agricultural and industrial workers. The American higher education system needed to make a change. The goal of these universities was "to develop at the college level instruction relating to the practical realities of an agricultural and industrial society and to offer to those belonging to the industrial classes preparation for the professions of life (Association of Public and Land-grant universities, 2012)." At the time, agriculture was the vocation in which the majority of Americans were engaged and with which the land-grant universities were identified. Therefore, land-grant universities were usually located in rural settings.
The factors that affected the land-grant designation were complicated. The historical documents suggest each college's founding was uniquely determined by a complex set of conditions and circumstances within its respective state. 16 According to Williams (1991) , "there 15 Public lands refer to the area of land that belongs to the public and is administrated and disposed of by the federal government. 16 The Morrill Act placed no restriction on the location of the land-grant colleges. In other words, the people of the various states through their respective legislatures were at liberty to locate the institution at any place they so desired (Edmond, 1978) . Some states established new schools; others turned the money over to existing state or private schools.
were no foregone conclusions as to which institution, or institutions, would receive the funds."
There is little evidence suggesting economic considerations played a vital part during the process.
In fact, the determining factors of the land-grant designation in many cases seem to be random.
Pennsylvania provided a case in point. The Farmers' High School was the recipient of the landgrant funds in Pennsylvania because it was founded in 1855 as the first tax-supported agriculture college in Pennsylvania. The location of the Farmers' High School, however, was determined by a random event: General James Irwin donated two hundred acres of his farm in Centre County to the school, which undoubtedly explained why the school was established at its current location.
Another example is New York State. The land-grant college was established at Ithaca because Ezra Cornell made a huge donation to the college and picked Ithaca as its location.
Recent research also supports the idea that the land-grant designation is arguably exogenous. Moretti (2004b) indicates the geographical location of land-grant universities seems close to random and the location of land-grant universities was not dependent on natural resources or other factors that could make an area wealthier. Kantor and Whalley (2014b) also suggest the land-grant university locations are independent of local economic conditions.
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In the first few decades, the development of the land-grant universities was relatively 
Theoretical Model and Research Design

Theoretical model
The presence of universities can generate both direct and indirect effects. Direct effects can happen through two possible mechanisms, direct interaction between faculty and local businesses and training of students (attraction of skilled workers) who remain in the area and enhance the quality of local labor pool. Indirect effects are the general agglomeration economies that arise from a larger population universities bring in.
I use a simple framework from Greenstone, Hornbeck and Moretti (2010) to illustrate how direct and indirect spillovers affect local economies. Assume local firms use a production technology that uses labor and capital to produce a nationally traded good whose price is 18 See Figure 1 for a detailed map of the distribution of land-grant colleges and universities. 19 This is due to lack of historical documentation and the complex and unique situation in each state. Williams (1991) suggests "the complete land-grant movement history worthy of the cannons of scholarship now prevailing in the field of higher education history has not been written."
normalized to one. 20 Firms choose the amount of labor, L and capital, K to maximize the following profit function:
where w and r are input prices and A is a productivity shifter (TFP). Specifically, A considers all factors that affect labor and capital productivity equally, such as technology and agglomeration spillovers, if they exist. In particular, to explicitly allow for general agglomeration effects and direct spillovers from universities, I allow A to depend on local population, N, and the presence of universities, U. Also, local population is a function of the presence of universities ( = ( )):
Define * ( , ) as the optimal level of labor inputs, given the prevailing wage and cost of capital. Similarly, let * ( , ) be the optimal level of capital. In equilibrium, * and * are set so that the marginal product of each factor is equal to its price. I allow the price of labor and capital to depend on local economic conditions. Specifically, let ( ( ), ) be the inverse of the reduced-form labor supply function that links local population, N(U), and the presence of universities, U, to the local nominal wage level, w. Similarly, let ( ( ), ) be the inverse of the reduced-form capital supply function that links local population, N(U), and the presence of universities, U, to capital price, r. 21 Then I can write the equilibrium level of profit as
20 To simplify the model, land is considered as one type of capital here. Thus, the price of capital depends on local demand or supply conditions in my simplified model. 21 Following Greenstone, Hornbeck and Moretti (2010), I allow the supply of labor and land to be less than infinitely elastic at the county level. Because land is included in capital in my model, capital is less than infinitely elastic at the county level.
Consider the total derivative of profit with respect to a change in the presence (size) of universities:
If firms are price takers and all factors are paid their marginal product, equation (1) simplify considerably:
. (2) Equation (2) suggests that the effect of an increase in U is the sum of two opposite effects.
The first part, ( * ( * + )), is the positive effect of universities. It contains * , the direct impact of universities, and * * , the indirect spillovers of universities (general agglomeration economies). Formally, we have Intuitively, an increase in or U is an increase in the level of economic activity in the county and therefore causes an increase in the local demand for labor and capital.
Equation (2) indicates that profits will be positive in counties with land-grant universities in the short-run if general agglomeration economies or direct spillovers from universities are large enough. This raises the attractiveness of the designated counties. In the long-run, the prices of local factors, such as land and possibly labor, are bid up. Even larger agglomeration economies or direct spillovers are required to keep profits positive; otherwise, an equilibrium forms such that firms and workers are indifferent between counties.
Synthetic control method
The Morrill Act provides arguably exogenous variation that helps identify the causal impact of colleges and universities. I then use a newly developed econometric technique, the synthetic control method, to obtain county-specific estimates. Finally, I employ an event-study analysis to obtain estimates of the average impact of the land-grant universities. This two-step procedure can be thought of as a reweighting/matching strategy to estimate treatment effects that accounts for time-varying unobserved heterogeneity.
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As discussed in Abadie and Gardeazabal (2003) To provide a formal discussion of this method, suppose there is a sample of J + 1 counties indexed by j, among which unit j = 1 is the case of interest and units j = 2 to j = J + 1 constitute the donor pool. 23 It is crucial to restrict the donor pool to counties with outcomes that are driven by the same structural process as the treated unit and that were not subject to treatment 22 See Severnini (2012) for a discussion of this reweighting/matching method. 23 To assume only one unit is exposed to the intervention is for expositional simplicity. In cases where multiple units are treated, one can apply this method to each treated unit separately. A donor pool is the set of potential control counties out of which the synthetic control county is constructed.
shocks during the sample period of this study. In my analysis, as the land-grant designation was determined in each state, I use the rest of counties in each state as the potential comparisons.
I also assume a balanced panel, which includes a positive number of pre-intervention periods, T 0 , as well as a positive number of post-intervention periods, T 1 , with T = T 0 + T 1 .
= ( 2 , … , +1 )′ is a (J + 1) weight vector, with 0 ≤ ≤ 1 for j = 2 to J and 2 + ⋯ + +1 = 1. X 1 is a (k +1) vector containing the values of pre-intervention characteristics of the treated county I aim to match as closely as possible, and X 0 is the ( × ) matrix collecting the values of the same variables for the counties in the donor pool. is the outcome of county j at time t. The synthetic control estimator of the impact of the intervention at time t is given by the comparison between the outcome of the treated unit and its synthetic control unit,
Abadie and Gardeazabal (2003) and Abadie, Diamond and Hainmueller (2010, 2012) choose the optimal weight * that minimizes
where is a weight that reflects the relative importance of the matching variables in accordance to their predictive power on the outcome. An optimal choice of the vector V minimizes the mean squared error of the synthetic control estimator.
The matching variables are meant to be predictors of post-intervention outcomes, which are not themselves affected by the event. The matching variables I use are a set of preintervention county-specific attributes and pre-intervention outcome variables. 24 Using this approach, I create a synthetic control county for each designated county. The comparison within 24 See data section for details.
each pair is the synthetic control estimate of the impact of the land-grant designation on the specific county.
Event-study design
An event-study analysis can recover the dynamics of the impact of the event and test if such an event happened in response to any county-specific trends in the outcome variable. I pool all pairs of designated and synthetic control counties, and use this method to obtain estimates of the average economic impact of land-grant universities.
Following the model used in Jacobson, LaLonde and Sullivan (1993) , McCrary (2007) and Kline (2012), I consider the following econometric model:
where is the value of outcome variable, e.g. log of population density, in county in calendar year , is a county fixed effect, is a year fixed effect, and is an error term that may exhibit arbitrary dependence within a case but is uncorrelated with other right-hand side variables. 25 The county and year fixed effects ensure my results are not subject to contamination from county time-invariant attributes and temporal shocks.
The variables are a series of event-time dummies that equal 1 when the land-grant designation is n years away in a given county. Formally, it is
where I [.] is an indicator function for the expression in brackets being true, and is the event time (in this case, the year of the land-grant designation in county j). 25 In the empirical analysis, I also experiment with case and year fixed effects, county and region-by-year fixed effects, and county and division-by-year fixed effects. Results using case and year fixed effects are not shown to save space. A case is a pair of a treated county and its corresponding synthetic control county. Regions and divisions are defined as Census regions and divisions. There is generally more than one division in each region.
Based on the model, the coefficients represent the time path of the outcome variable relative to the date of intervention for the treated counties conditional on the three unobserved variance components, , and . If land-grant universities are randomly assigned to counties, the restriction = 0 should hold for all pre-intervention periods. In other words, the land-grant designation should not be, on average, preceded by county-specific trends in outcome variables.
Because not all of the s can be identified due to the collinearity of event-time dummies and county fixed effects, I normalize −1 = 0 , so that all post-intervention coefficients can be thought of as treatment effects. 26 Each synthetic control unit is intrinsically associated with its treated counterpart, so I cluster the standard errors at the case level.
Data Description
This section describes the data sets used in this paper. County-level data on population, 28 Per capita agricultural output is the total agricultural output in the county divided by the total population in the county. The data on number of workers in agricultural sector is not available.
Results
The impact on population density
In this section, I present estimates of the impact of land-grant universities on population density. But first, I would like to discuss the possibility of comparing the designated counties with other comparison groups, such as rural counties and counties with universities. As aforementioned, it is impossible to find out complete information on the land-grant designation process because of lack of historical documentation and complexity of the situation in each state, which rules out the possibility to compare the designated counties to other candidate counties.
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Yet, most historical documents suggest land-grant universities were usually located at rural counties. In 
Synthetic control method: County-specific estimates
Several representative cases are discussed here and the others are presented graphically in Appendix A. 
Immediate Impact
Lagged Impact
A case of lagged impact is presented in Figure 2 , panel B. The University of Maine was established in 1865 as a land-grant college in Penobscot County, Maine. In the first 30 years, the 31 It was renamed The University of Tennessee in 1879. 32 I calculate the impact of the land-grant designation from the late 1860s to 1940 as the difference of population density between the treated county and its synthetic control county in 1940, minus the difference of population density between the treated and its synthetic control county in 1860. The latter difference is almost zero, which suggests the synthetic control county simulates the treated county well. 33 The comparisons of pre-treatment characteristics between other representative counties and their corresponding synthetic control counties are presented in Table 2 and Appendix B. The general pattern is the same: The synthetic control counties provide better control units than the state average. 
Event-study analysis: Pooled estimates
To estimate the average impact of the land-grant program, I pool all pairs of treated and synthetic control counties and estimate equation (7). The coefficient estimates on the event-time dummies are presented in Table 3 . I try four specifications of fixed effects: case and year fixed effects, county and year fixed effects, county and region-by-year fixed effects, and county and division-by-year fixed effects. Model 1 includes county fixed effects and year fixed effects, Model 2 county fixed effects and region-by-year fixed effects, and Model 3 county fixed effects and division-by-year fixed effects. Results using case and year fixed effects are not shown to save space. Model 1 is sufficient to eliminate all pre-treatment trends: the coefficient estimates on the event-time dummies for 1840 and 1850 are small and highly insignificant. This indicates the designation did not follow changes in population density -an important falsification test.
34
Therefore, I focus on discussing this model and use this specification for robust checks.
First, the magnitude of the impact is remarkably large. On average, population density in designated counties grew by around 0.06 log points (6 percent) within only ten years, compared to the synthetic controls. Short-run effects could be caused by the inflow of students, staff and faculty. From the 1860s to 1940 (80-year impact), population density in designated counties increased by 0.37 log points (45 percent). The long-run effects are more likely to be caused by spillovers from universities once university size becomes stable.
Second, the difference between the short-and long-run effects is revealing. The 40-year estimate is around 0.10 log points (11 percent), only around one-quarter of its 80-year counterpart (0.37 log points, or 45 percent). It implies that the impact can re-enforce itself in the long-run, a phenomenon consistent with the prediction of the theory of agglomeration economies.
It is also consistent with the history of land-grant universities that their development was relatively slow in the first several decades. This suggests the assessment of large government projects require understanding of both short-and long-run effects.
The impact on share of manufacturing workers
The land-grant program aimed to provide accessible education to agricultural and industrial society. Also, development in manufacturing was vital in city development. Thus, a 34 The coefficient estimates on pre-intervention event-time dummies are small and insignificant in all tables.
natural question is how land-grant universities affected manufacturing sector. 35 Using the same two-step procedure, I study the impact of the land-grant designation on the share of manufacturing workers in the population, an indicator of local labor market composition. In this and later sections, I only present the results from event-study analyses-estimates of the average impact from the land-grant designation. The county-specific estimates are available upon request. Table 4 These results are important from a policy-making point of view. A particular goal of the land-grant program was "to develop at the college level instruction relating to the practical realities of an agricultural and industrial society" and the initial curriculum focus in the landgrant universities was agricultural and mechanic arts related (Association of Public and Land- 35 It is potentially interesting to see how the land-grant program affected agriculture. However, data forbids me to further investigate agricultural sector. Kline and Moretti (2013) find that the Tennessee Valley Authority (TVA), a large regional development program, triggers agglomeration economies in manufacturing rather than agriculture. I also believe that looking at manufacturing is a better option to provide evidence of local spillovers from universities. grant universities, 2012). However, my results suggest the size of local manufacturing sector was not disproportionately affected by the land-grant program despite the strong manufacturing orientation of the program. This yields potential implications for policy makers who seek to develop an industrial city by investing in higher education.
The impact on manufacturing output per worker
In this section, I present my estimates of the impact of the land-grant designation on local manufacturing productivity, as measured by manufacturing output per worker. 36 Because manufacturing sector was not directly affected by the Morrill Act, enhancement in manufacturing productivity was potentially triggered by spillovers from land-grant universities. As aforementioned, it is difficult to estimate separately the direct spillovers from university activities and the induced agglomeration economies that arise from the concentration of population. However, over an 80-year horizon, I show that the increase in manufacturing 36 Manufacturing output per worker is the dollar value of manufacturing output produced in the county divided by the number of manufacturing workers in the county. At the time, multi-site companies were not as common as today. Therefore, this measure can be a good indicator of productivity. 37 A model with outcome variable in logs yields similar results.
productivity reflects both the impact of direct spillovers from universities and general agglomeration economies that arise from the increase in population in a back-of-envelope calculation. In the literature, the range of estimated urbanization elasticities is between 2 percent to 5 percent. 38 Combes et al. (2008) report urbanization elasticities in France that range from 2.5 to 4.7 percent depending on the number of controls included in the model. Ciccone (2002) estimates an elasticity of 4.5 percent drawing on data from several countries in Europe. Ciccone and Hall (1996) estimate an elasticity of 5 percent based on state-level data in the United States.
Rosenthal and Strange (2008) Act is quite different from the first act on policy target, appropriation amount and selection criteria. Thus, it is not appropriate to simply pool the "1862 land-grant universities" and the "1890 land-grant universities" and estimate an average impact. However, using the "1890 landgrant universities" has the advantage of a longer pre-intervention period. 40 Moreover, the location of the "1890 land-grant universities" is mainly driven by the distribution of African Americans, which is less likely to be correlated with economic considerations or political factors that could affect economic development.
The results are presented in Table 6 . In Model 1, on average, the 10-year impact of 1890 land-grant universities on population density was around 0.06 log points (6 percent). 41 To 1940, the impact rose to 0.27 log points (31 percent). These estimates are qualitatively the same as my previous estimates based on the "1862 land-grant universities," although less significant. (2010) suggest a long pre-intervention period helps control for unobserved factors affecting the outcome of interest as well as for heterogeneity of the effect of the observed and unobserved factors. They show that the bias of the synthetic control estimator depends on the structure of observed and unobserved factors and that bias can be bounded by a function that goes to zero as the number of pretreatment periods increases. See Abadie, Diamond and Hainmueller (2010) for technical details. 41 The Second Morrill Act was passed in 1890, so the coefficient estimate of the event-time dummy for 1890 can be viewed as an immediate impact and the coefficient estimate of event-time dummy for 1900 is the 10-year impact. 42 This may be because of the smaller sample size in these regressions. 43 Most land-grant universities were established before 1870. Thus, an implicit assumption here is that counties' market access had not changed from the designation time to 1870. column 4 (Model 4) of Table 3, Table 4 and Table 5 (county and year fixed effects specification).
The results are largely unchanged by the inclusion of this additional matching variable.
Third, I include the cubic function in counties' latitudes and longitudes as additional controls and estimate the impact of "1862 land-grant universities." Some may argue that counties near the treated county geographically are better control units than the rest of the counties in the state. Matching on the cubic function in counties' latitudes and longitudes ensures the treated and the synthetic control counties are geographically close. The results are reported in column 5
(Model 5) of Table 3 , Table 4 and Table 5 . The results are quite similar.
Fourth, I exclude the neighboring counties from the donor pool. The land-grant program may lead to displacement and spillover effects to nearby areas. These two forces work against each other and may or may not bias my results. I try a specification without adjacent counties, and the results are reported in column 6 (Model 6) of Table 3, Table 4 and Table 5 . My previous conclusions still hold.
Finally, to ensure my research design captures the impact of the land-grant universities rather than some random factors or unobserved interventions, I run placebo tests. I run the same two-step procedure except now I choose the treated county randomly. My previous findings would be undermined if I obtain a similar or even greater effect when the treated counties are randomly selected (where the intervention did not take place). I run the two-step procedure 20
times. The estimated effects of artificial treatment are shown in Figure 3 . The heavy solid black line is the impact of the real treatment, which is plotted for comparison purpose. It is obvious that the effect of the real treatment is larger than any placebo effects. Because I conduct the placebo tests 20 times, the probability of estimating a placebo effect as large as the true effect under random permutation of the intervention in my data is 5 percent, a test level typically used in conventional tests of statistical significance.
Conclusions
The success of "Silicon Valley" and Route 128 is glaring and the attempt to mimic such success has never stopped. Most recently, Cornell University, and its partner, Technion-Israel
Institute of Technology, won the right to build a facility for job-spinning engineering research on Roosevelt Island in New York City, aiming to increase entrepreneurship and job growth in the city's technology sector. Despite the public attention, the precise linkage between educational investment, spillover effects and regional development remains unclear. In this paper, I seek to fill part of this gap by presenting evidence of local spillovers from universities and examining the short-and long-run effects of university activities on geographic clustering of economic activity, labor market composition and local productivity. short-and long-run effects of the 1862 land-grant universities on population density. The estimated coefficients are the coefficients of the event-time dummies. T-ratios are based on standard errors clustered at a case level. A case is a pair of a treated county and its corresponding synthetic control county. The coefficient of the 1860 event-time dummy is normalized to 0, so all coefficients after 1870 can be thought of as treatment effects. Market access is estimated by Donaldson and Hornbeck (2012) for year 1870. Geographic information includes the cubic function in latitude and longitude. Matching on latitudes and longitudes ensures the treated and its synthetic control near each other geographically. short-and long-run effects of the 1862 land-grant universities on the percentage of manufacturing workers in the whole population. The estimated coefficients are the coefficients of the event-time dummies. T-ratios are based on standard errors clustered at a case level. A case is a pair of a treated county and its corresponding synthetic control county. The coefficient of the 1860 event-time dummy is normalized to 0, so all coefficients after 1870 can be thought of as treatment effects. Data on number of manufacturing workers in 1910 is missing. Market access is estimated by Donaldson and Hornbeck (2012) for year 1870. Geographic information includes the cubic function in latitude and longitude. Matching on latitudes and longitudes ensures the treated and its synthetic control near each other geographically. short-and long-run effects of the 1862 land-grant universities on manufacturing output per worker. The estimated coefficients are the coefficients of the event-time dummies. T-ratios are based on standard errors clustered at a case level. A case is a pair of a treated county and its corresponding synthetic control county. The coefficient of the 1860 event-time dummy is normalized to 0, so all coefficients after 1870 can be thought of as treatment effects. Data on manufacturing output in 1840 and 1910 is missing. Market access is estimated by Donaldson and Hornbeck (2012) for year 1870. Geographic information includes the cubic function in latitude and longitude. Matching on latitudes and longitudes ensures the treated and its synthetic control near each other geographically. short-and long-run effects of the 1890 land-grant universities on population density. The estimated coefficients are the coefficients of the event-time dummies. Tratios are based on standard errors clustered at a case level. A case is a pair of a treated county and its corresponding synthetic control county. The coefficient of the 1880 event-time dummy is normalized to 0, so all coefficients after 1890 can be thought of as treatment effects. The dashed vertical line shows the decade in which the new land-grant university was designated. The solid line displays the observed time series of log population density for the designated county and the dashed line presents the predicted time series of the corresponding synthetic control county. In Panel C, the new land-grant university does not appear to have huge impact on population density. In Panel D, the new land-grant university has a slightly positive impact on population density at first, but the trend reverses at later periods. 
